SUMMARY
stimulation without altering the setting of the dial. If, in T4 mode, the selector switch is reset from standby to continuous, T4 stimulation will be resumed without delay. A 5-s train of 50 Hz is elicited manually either without delay by depressing the tetanus key in standby mode, or after a delay of 10 s when the tetanus key is depressed in continuous mode. The interval between the last tetanic and the first post-tetanic stimulus is 1 s with single and 15 s with T4 stimulation. A floating current output prevents the nerve stimulator from being triggered by high-frequency current or electrical leakage from surrounding equipment. Three light emitting diodes (LED) monitor battery power, electrode connection and tetanus delay. 
PERFORMANCE TESTING

Subjects, materials and methods
The electricial performance of the nerve stimulator was evaluated as described by Mylrea and colleagues (1984 The stimulus intensity for maximal nerve stimulation was measured in 50 conscious volunteers. The ulnar nerve was stimulated at the wrist with 1 Hz and T4, using silver-silver chloride surface electrodes placed 5 cm apart, without pretreatment of the skin. Twitch tension of the adductor pollicis muscle was recorded by means of a boomerang force displacement transducer (Walts, 1973 thumb tension. The recording system was allowed to stabilize during a 10-min period of indirect muscle stimulation with 20 mA. The current intensity was then reset to zero and afterwards increased in 5-mA increments every sixth single or every fourth T4 stimulus, respectively. A current intensity response curve was constructed and the intensity for minimum, 90% and maximum twitch response was obtained from the curve. Skin resistance was measured in another 15 volunteers for 30-, 60-and 80-mA stimulus intensity. For this purpose, a 100-Q resistor was connected serially in the stimulation circuit, and the voltage was measured at the skin electrodes as a function of current intensity. All results were calculated as means, standard deviations and ranges. Statistical significance was assessed by paired Student's t test.
Results
The nerve stimulator delivered 0.2-ms square pulses with adequate accuracy and reproducibility ( fig. 3, upper panel) . Maximum twitch response was obtained in 94% of the 50 volunteers (age 25±5yr; body weight 72±10kg). In three individuals, however, it could not be clearly defined (table II) . No significant differences existed between 1 Hz and T4 stimulation in eliciting minimum, 90% and maximum twitch responses (table II) . Skin resistance, in 15 conscious volunteers (age 37 ± 12 yr; body weight 69±10kg), was 1.9±0.5 (1.3-2.6) kfl with 30 mA, 1.2 ±0.3 (0.8-2.0) kfi with 60 mA and 1.0 ±0.2 (0.7-1.3) kfl with 80 mA. The dial error of current intensity was less than ± 5 % (table III) . The 250-V maximum voltage was sufficient to maintain constant current stimuli as long as the load impedance was less than 5 kfl for 40 mA; that is, less than five times the average skin resistance. Figure 4 gives details of the constant current output as a function of resistance and voltage: with supramaximal nerve stimulation and a dial setting of, for example, 20 mA, the maximum allowable impedance is 10 kft (fig. 4, 
DISCUSSION
It has been emphasized that current rather than voltage determines neural stimulation (Mylrea et al., 1984) . Consequently, nerve stimulators should be designed to generate pulses of calibrated current rather than voltage. The Neurostim T4 is characterized by satisfactory performance with respect to both intensity of stimulus and wave form.
Although recommended for use in anaesthetized patients, the instrument was tested in conscious volunteers in order to preclude any possibility that anaesthesia might interfere with neuromuscular transmission. In terms of maximum current and voltage, the limits of performance of the nerve stimulator compare favourably with the physiological ranges of tissue impedance and intensity of stimulation required for maximum twitch response. However, there was a 6% failure rate among the volunteers in whom supramaximal nerve stimulation could not be obtained with surface electrodes, even with 80 mA.
Because of the physiological strength-duration relationship, the current intensity for indirect muscle stimulation decreases with increasing pulse width. However, the pulse width must be clearly less than 0.3 ms, to avoid repetitive nerve firing (Epstein et al., 1969) . The safety standards of the International Electrotechnical Commission (IEC) prohibit current intensities of more than 80 mA to be administered to humans. Within these limits, the 0.2-mA pulses and 80-mA maximum current represent the best acceptable combination. Needle electrodes may be used should supramaximal nerve stimulation not be obtained from the maximum available stimulus current. It has to be realized, however, that with needle electrodes a much smaller current intensity has to be applied than with surface electrodes.
The selection of stimulus patterns was restricted to those relevant to clinical anaesthesia. The trains-of-four were separated by as much as 15 s so as to overcome reliably any residual slow fade which, potentially, may be effective for as long as 10 s after the preceding stimulus (Lee, 1975) . Since the response of the first stimulus of each train-of-four is identical to the response to single stimulation every 10-15 s, a separate low frequency single stimulus mode, such as 0.1 Hz, was not incorporated.
Preferentially, the 1-Hz mode may be used for rapid identification of the best site for nerve stimulation and for adjustment of supramaximal stimulation in the absence of neuromuscular blockers. The integrated electrodes, adopted from Churchill-Davidson's nerve stimulator (1965) , are convenient for short-term use such as in the differential diagnosis of peripheral v. central respiratory depression.
From the user's point of view, it would appear desirable to have the integrated electrodes disconnected automatically upon attachment of the cables, rather than having to operate a selector switch. At the present state of development, the housing leaves no room for the appropriate logic. However, future series may be redesigned for this modification as well as for a fourth LED, which would monitor the actual intensity of current relative to the mA dialled.
In conclusion, this is a new battery-powered nerve stimulator for routine use in clinical anaesthesia with calibrated constant current output. Its handy size and extremely low energy consumption are other attractive features. The performance characteristics of the apparatus provide the accuracy and the reproducibility of a research grade instrument.
